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Abstract
POSITIVITY RATIO: PREDICTING SLEEP OUTCOMES ACROSS THE LIFESPAN
By Janna Lynn Imel, B.A.
A thesis submitted in partial fulfillment of the requirements for the degree of Master of
Psychology at Virginia Commonwealth University.
Virginia Commonwealth University, 2016.
Major Director: Natalie Dautovich, Ph.D., Assistant Professor, Psychology Department
Although sleep has been linked to changes in positive and negative affect across the
lifespan, the prediction of sleep from affect has not been explored completely. As such, the main
objective of this study was to examine the association between affect and sleep across the adult
lifespan, using a novel gauge of affect, the positivity ratio. Both subjective and objective
assessments of sleep were used in analyses. This study was an archival analysis of data collected
as a part of the Midlife in the United States Study (MIDUS-II), with participants ranging from 34
to 83 years of age. Results revealed the positivity ratio to be a significant predictor of selfreported sleep quality and global sleep, but not of objective sleep measures. Additionally, the
positivity ratio was found to increase with age and appears to predict better global sleep and
sleep quality across all age groups. Implications of the findings are discussed.
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Positivity Ratio: Predicting Sleep Outcomes Across The Adult Lifespan
Approximately 15 years ago, 35% of the general population endorsed having poor or
unsatisfactory sleep outcomes (e.g., multiple nightly awakenings, lengthy sleep onset latency,
and inadequate total sleep time), with 10%-15% falling into the moderate or severe categories
(Sateia, Doghramji, Hauri, & Morin, 1999). More recently, these complaints have increased and
insomnia diagnoses are estimated to be three times the amount diagnosed a decade ago (Pandey
& Phillips, 2015). Given that poor and inadequate sleep is associated with daytime dysfunction,
behavioral and emotional changes, as well as a decline in cognitive functioning (Sateia et al.,
1999), sleep difficulties should not be ignored. However, in order for poor sleep outcomes to be
properly addressed, more information regarding the factors involved in sleep outcomes must be
discussed. Given current demographic trends, age is a particularly relevant factor associated with
sleep outcomes that should be examined.
Many individuals experience changes in their sleep as they age (Ancoli-Israel, Poceta,
Stepnowsky, Martin, & Gehrman, 1997). For example, increased age is associated with more
fragmented and disrupted sleep. It is estimated that 50% of older adults, or 15 million
Americans, have some type of problem with their sleep (Ancoli-Israel et al., 1997). Even more
striking is that the number of older Americans experiencing sleep problems is only expected to
increase, given changing population demographics. By 2030, 20% of Americans will be over the
age of 65 (Colby & Ortman, 2014). Even with only a segment of the Baby Boomer population
having entered the older adult age bracket, the aging population is already being identified as a
possible cause for the rise of insomnia diagnoses (Pandey & Phillips, 2015). As the population
continues to age, and sleep disorders continue to prevail in older adults, there is a need for
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research that investigates potential factors that can promote healthy sleep outcomes across the
lifespan.
A potential factor for promoting healthier sleep is positive affective experiences. Sleep
has been linked to positive and negative affective outcomes. In particular, sleep has been shown
to impact affect and mood (Baglioni, Spiegelhalder, Lombardo, & Riemann, 2010; Bower,
Bylsma, Morris, & Rottenberg, 2010; Totterdell, Reynolds, Parkinson, & Briner, 1994), with a
considerable body of research supporting the link between depression and sleep (Tsuno, Besset,
& Ritchie, 2005). However, research has failed to fully examine the effects of affective states on
sleep, particularly at the sub-clinical level. Consequently, compared to research on depression
and sleep in clinical samples, less is known about the associations between affect and sleep
outcomes in healthy populations. A focus on preventative and protective mechanisms in healthy
populations is aligned with goals of Counseling Psychology, which has traditionally focused on
client strengths, remedial and preventive approaches, and development across the lifespan (Gelso
& Fretz, 1992).
The primary objective of the currently study was to examine the association between
affect and sleep across the adult lifespan in a sample of community-dwelling adults through an
archival analysis of the nationally representative Midlife in the United States (MIDUS-II)
dataset. Specifically, affect was examined using a novel approach – the positivity ratio. The
positivity ratio is calculated by creating a ratio of positive affect to negative affect. In regards to
sleep, given the poor correlations between objective and subjective sleep data for middle-aged
and older adults (Espie, Lindsay, & Espie, 1989; Means, Edinger, Glenn, & Fins, 2003), the
present study used both subjective and objective assessments of sleep to capture the multifaceted
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nature of sleep. Overall, the proposed study attempts to further our understanding of the
relationship between affect and sleep within the context of age.
Literature Review
The Relationship Between Affect and Sleep
According to The Circumplex Model of Affect (Russell, 1980), affect can be defined in
terms of arousal and valence, which are both associated with sleep outcomes. Arousal is the
amount of stimulation that is associated with the experience of affect, while valence explains the
pleasantness or unpleasantness of the affective experience (Russell, 1989). Specifically, higher
arousal and negative valence are associated with greater sleep difficulties, which will be
discussed further in the sections below.
Arousal and sleep. The association between arousal and sleep is supported by a variety
of studies (Morin, Rodrigue, & Ivers, 2003; Nicassio, Mendlowitz, Fussell, & Petras, 1985).
Specifically, cognitive arousal has been linked to sleep outcomes, with higher cognitive pre-sleep
arousal associated with increased spontaneous awakening in middle-aged adults (Chen, Lin, Lee,
& Chou, 2011) and younger adults (Shoji, McCrae, & Dautovich, 2013). Older adults show the
highest amount of cognitive pre-sleep arousal (Shoji, Tighe, Dautovich, & McCrae, 2015) and a
greater association between cognitive arousal and longer sleep onset latency compared to
younger adults (Shoji et al., 2013).
In addition to cognitive arousal, emotional arousal has also been linked to poor sleep.
Within the emotional arousal domain, high arousal negative affect (e.g., anger and anxiety) has
been strongly associated with poor sleep across age groups, as measured by daily sleep diaries
and actigraphy (Babson & Feldner, 2015). Specifically, high arousal negative affect has been
associated with increased sleep onset latency and awakenings, and reduced sleep efficiency
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(Fairholme & Manber, 2015). Regardless of whether the arousal is cognitive or emotional,
arousal is hypothesized to predict worse sleep for older adults compared to younger ages, given
that older adults tend to spend more time in lighter sleep stages (Benloucif et al., 2004). In
addition to examining the association between arousal and sleep, it is also important to consider
the association between valence and sleep across age groups.
Valence and sleep. Across the small number of studies examining positive affect and
sleep throughout the adult lifespan, it appears that positive affect predicts better sleep outcomes.
For example, older adults with higher levels of positive affect have endorsed fewer sleep
problems on the Pittsburgh Sleep Quality Index (PSQI) and reported feeling more refreshed in
daily sleep diaries (Fredman, Gordon, Heeren, & Stuver, 2013; Song, Graham-Engeland, Mogle,
& Martire, 2015). A similar pattern of results is shown across the adult lifespan with higher
positive affect predicting better sleep quality, as measured by actigraphy, and feeling rested in
the morning (Ong et al., 2013). Positive affect may lead to better sleep by serving as a protective
factor (Ong, Bastarache, & Steptoe, 2015). Specifically, positive affect has been shown to buffer
against stress and other psychosocial factors such as self-rated health, age, and gender across the
lifespan, resulting in better sleep outcomes (Folkman, 2008; Fredrickson, Cohn, Coffey, Pek, &
Finkel, 2008; Steptoe, O’Donnell, Marmot, & Wardle, 2008).
As with positive affect, negative affect has also been linked to sleep outcomes across the
lifespan, with higher levels of negative affect predicting poorer sleep outcomes. For example,
older adults endorsing highly negative daily moods, subjectively report less refreshing sleep and
poorer sleep quality on the PSQI (Song et al., 2015). Among young adults, negative mood,
rumination, and negative emotion (i.e., depression, anxiety, and anger) are significantly
associated with poorly rated subjective sleep quality, increased sleep onset latency, and sleep
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disturbance as measured with the PSQI (Stewart, Rand, Hawkins, & Stines, 2011; Thomsen,
Mehlsen, Christensen, & Zachariae, 2003). Also, throughout young and middle-adulthood,
emotionally distressing negative events have been linked to changes in individual sleep
architecture (e.g., increased sleep fragmentation, lower sleep efficiency and total sleep time, and
increased awakenings) as measured through Polysomnography (Talamini, Bringmann, de Boer,
& Hofman, 2013; Vandekerckhove et al., 2011).
Overall, both positive and negative affect show independent associations with sleep
outcomes. However the two should also be considered in combination when connected to sleep,
as older and middle-aged adults who report higher positive affect and lower negative affect tend
to report better subjective sleep (McCrae et al., 2008; Norlander, Johansson, & Bood, 2005). As
positive affect and negative affect are two separate constructs, and the absence of negative affect
does not necessarily mean the presence of positive affect, and vice-versa (Diener & Emmons,
1985; Watson & Tellegen, 1985), it is important to consider the simultaneous contributions of
both in order to create a better understanding of an individual’s overall affective state. A novel
approach to characterizing the association between positive affect and negative affect is the
positivity ratio.
Positivity ratio. The positivity ratio is the proportion of positive affect to negative affect.
Importantly, the positivity ratio has implications for mental health, as it is a predictor of
subjective wellbeing (Diehl, Hay, & Berg, 2011). Specifically, in order for an individual to
sustain better mental health, a higher ratio of positive to negative affect is beneficial (Diehl et al.,
2011; Fredrickson, 2013; Meeks, Van Haitsma, Kostiwa, & Murrell, 2012). Much debate still
exists in the literature as to whether or not an “optimal positivity ratio” for better wellbeing exists
(Brown, Sokal, & Friedman, 2013; Fredrickson and Losada, 2005). However, as of late,
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researchers accept that a critical minimum positivity ratio is not backed by evidence (Brown et
al., 2013).
Age differences in the positivity ratio have been identified in existing literature, with
older adults reporting the highest mean positivity ratios compared to younger and middle-aged
adults (Diehl et al., 2011). Given that higher positivity ratios have been associated with older
age, examining age differences in affect is warranted.
Effects of Age
Affective changes across the lifespan. Emotional wellbeing is shown to improve
throughout the lifespan (Carstensen et al., 2011). In fact, older age is associated with increased
stability of emotions, better emotional control, and less time spent in highly negative states
(Carstensen et al., 2011; Hay & Diehl, 2011; Lawton, Kleban, Rajagopal, & Dean, 1992).
Specifically, when compared to younger adults, older individuals experience less day-to-day
negative affect, and a small increase in positive affect (Carstensen, Pasupathi, Mayr, &
Nesselroade, 2000). Conversely, younger adults report more negative emotional experiences
(Gross et al., 1997). Arousal has also been shown to differ by age, but there is a lack of
consensus in the literature about how exactly older and younger adults experience high versus
low arousal affect. For example, older age has been linked to reduced high arousal affect (e.g.,
“feeling excited or upset”), and increased low arousal affect (e.g., “feeling relaxed or
depressed”), such that older adults would be less likely to experience highly arousing emotions
(Pinquart, 2001). More recently, older age was associated with levels of high arousal positive
affect similar to younger adults, but lower levels of high arousal negative affect (Kessler and
Staudinger, 2009).
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How is it that in the face of negative issues and stressors sometimes associated with old
age (e.g., declining health, bereavement of friends and family, role-shifting, etc.) that older adults
are able to be less negative and retain better emotional wellbeing (Carstensen et al., 2011)? The
Socioemotional Selectivity Theory (SST) and the Strength and Vulnerability Integration (SAVI)
model provide a conceptual rationale to explain age differences in emotional experiences.
Socioemotional Selectivity Theory (SST). According to the SST, an individual’s temporal
perspective impacts goals (Carstensen & Mikels, 2005). When time is seen as unlimited,
individuals make preparations for the future. However, when time is seen as fixed, individuals
focus on areas of life that are more meaningful to them. Thus, as individuals age and begin to
perceive their time as limited, the SST theorizes that they will focus more on the quality of their
social relationships and work to enhance important relationships. A perspective of less time also
allows the individual to appreciate and focus on the positives in life (Carstensen, Isaacowitz, &
Charles, 1999). For example, when setting emotional goals, individuals have the opportunity to
focus their attention and memory toward information significant for their goals; this information
could be either positive or negative. Within the frame of age, older adults favor emotionally
gratifying and positive information (Carstensen & Mikels, 2005), while younger adults focus
more on negative information (Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001). The term
“positivity effect” was created to describe this phenomenon of a shift from focusing on negative
material in youth to remembering positive material in middle to older age (Carstensen & Mikels,
2005).
Strength And Vulnerability Integration (SAVI). The SAVI model of emotion regulation in
adulthood complements the SST by addressing how older adults emotionally regulate when
faced with negative stimuli. As mentioned above, in comparison to younger and middle-aged
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adults, older adults can limit their actual experience of negative emotions and enhance the
experience of emotionally positive events (Charles, 2010). However, when older adults are
unable to avoid the experience of an emotionally negative event, SAVI states that the
physiological vulnerabilities of older adults can reduce their emotion regulation abilities. In fact,
if an older adult is unable to avoid a highly arousing emotional event, it is more difficult for them
to return to homeostasis than their younger counterpart following the emotional event. Given the
consequence of highly arousing emotions for older adults, they may try to limit their exposure to
highly arousing experiences, so as to avoid the physiologically arousing component.
Sleep and age. In addition to examining age differences in affective experiences, age is also
important to consider when examining sleep, which also changes across the lifespan. Contrary to
popular belief, changes in sleep have been shown to start earlier in adulthood (Vitiello, 2007),
with the largest portion of changes in sleep patterns, as measured by PSG and actigraphy,
occurring between early adulthood and 60 years of age (Ohayon, Carskadon, Guilleminault, &
Vitiello, 2004). In particular, the percentage of slow-wave sleep, sleep efficiency, total sleep
time, and the percentage of REM sleep decline throughout adulthood. After the age of 60, only
sleep efficiency continues to decrease significantly.
When specifically examining the sleep of older adults, in comparison to the sleep of
younger and middle-aged adults, older adult’s sleep can be characterized as “lighter” (Crowley,
2011), with more time spent in the lighter stages of sleep. Spending more time in the lighter
stages of sleep may explain why older adults report more nightly awakenings and less restorative
sleep (Vaz Fragoso & Gill, 2007). In fact, up to 50% of older adults have reported difficulty
staying asleep (Neikrug & Ancoli-Israel, 2010). Importantly, when examining the age and sleep
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association, it is important to be cognizant of how much changes in sleep are due to age per se,
versus other factors associated with aging.
The Senescent Sleep Model provides a theoretical framework for understanding normal
and pathological changes in sleep with age (Vaz Fragoso & Gill, 2007). The model purports that
normal and usual aging predispose, precipitate, and perpetuate the sleep complaints that are often
found among older adults. Specifically, the normal changes in sleep associated with aging (e.g.,
decreased slow wave sleep, sleep spindles, and REM sleep) can predispose older adults for sleep
issues by making them vulnerable to adverse outcomes. These normal changes alone, however,
are insufficient to produce sleep disorders. Precipitating factors associated with usual aging (e.g.,
declining health and physical function) can be classified as causal in the aging and adverse sleep
outcomes relationship. The effects of predisposing and precipitating factors are enhanced
through psychosocial means by perpetuating factors that can be a consequence of aging (e.g.,
social isolation, caregiving, social losses, poor sleep hygiene, etc.). Overall, the combination of
medical, psychiatric, and social changes associated with aging can limit an older adult’s ability to
obtain proper sleep (Vaz Fragoso & Gill, 2007; Vitiello, 2007). Fortunately, many of the factors
that influence sleep disturbance in older adults can be diagnosed and treated (Vaz Fragoso &
Gill, 2007).
The Current Study
Overall, the current study examined to what extent an individual’s positivity ratio
predicts sleep outcomes, while exploring potential age differences in this association. This study
adds to the currently limited information on the associations between positive and negative affect
and sleep. An innovation of the present study includes combining positive affect and negative

10
affect into a positivity ratio to predict sleep outcomes. Additionally, this study examined
subjective and objective sleep outcomes simultaneously in the same sample.
Specific Aims and Hypotheses
Overall, the proposed study examined sleep across age groups in a healthy sample, while
assessing for age differences in how an individual’s positivity ratio, and affective valence and
arousal are associated with sleep.
Aim 1. To examine to what extent affect predicts both subjective and objective sleep outcomes.
Aim 1.1. To examine how an individual’s positivity ratio predicts subjective and objective sleep
outcomes. Higher trait positive affect has been linked to better objectively and subjectively
measured sleep (Fredman et al., 2013; Ong et al., 2013). Based on these findings, I hypothesized
the following:
Hypothesis 1.1. Higher positivity ratios will be associated with better objective and subjective
sleep outcomes.
Aim 1.2. To examine how the arousal dimension of the positivity ratio is associated with
subjective and objective sleep. Based on existing literature that shows arousal to predict worse
sleep outcomes (Lichstein & Rosenthal, 1980; Morin et al., 2003), I hypothesized the following:
Hypothesis 1.2. The high arousal positivity ratio will predict worse subjective and objective sleep
compared to the low arousal positivity ratio.
Aim 2. To examine to what extent affect varies by age.
Aim 2.1. To examine how the positivity ratio varies as a function of age. Given that previous
research shows positive affect and wellbeing to increase with age (Carstensen et al., 2000;
Carstensen et al., 2011; Gross et al., 1997; Mroczek & Kolarz, 1998), and the amount of time
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older adults spend in highly negative states is less compared with younger counterparts (Hay &
Diehl, 2011), I hypothesized the following:
Hypothesis 2.1. As age increases, the amount of positive affect in relation to negative affect will
increase, leading to higher positivity ratios. Thus, older ages will be associated with higher
positivity ratios than younger ages.
Aim 2.2. To explore how the high and low arousal positivity ratios vary as a function of age.
Based on a review of the literature by Pinquart (2001), which found increases in age to be
associated with reductions in high arousal affect, I hypothesized the following:
Hypothesis 2.2. The high arousal positivity ratio will decrease as age increases and there will not
be a significant relationship between the low arousal positivity ratio and age.
Aim 3. To examine age differences in the association between the positivity ratio and sleep
outcomes.
Aim 3.1. To examine to what extent age moderates the association between the positivity ratio
and subjective and objective sleep outcomes.
Hypothesis 3.1. Given age differences in affect (e.g., older adults reporting better affect) and
sleep (e.g., increasing age has been associated with poorer sleep), it is difficult to predict the
nature of the moderation. However, exploring a potential age moderation could increase our
understanding of how age may affect the association between the positivity ratio and sleep
outcomes. As a result, Aim 3.1 was exploratory.
Aim 3.2. To examine to what extent age moderates the associations between: (1) the high arousal
positivity ratio and sleep, and (2) the low arousal positivity ratio and sleep. High arousal has
been shown to negatively impact sleep outcomes (Lichstein & Rosenthal, 1980; Morin et al.,
2003). Given that SAVI suggests it is more difficult for older adults to return to baseline after a

12
highly arousing emotional experience than their younger counterparts, and that older adults may
be more vulnerable to highly arousing emotions, I hypothesized the following:
Hypothesis 3.2.1. High arousal positivity ratio will predict worse sleep outcomes for older adults
in comparison to their younger counterparts for both subjective and objective sleep outcomes.
Hypothesis 3.2.2. Low arousal positivity ratio will not predict a significant difference in
subjective and objective sleep outcomes across age groups.
Method
Participants. This project involved an archival analysis of data from the Midlife in the United
States-II study (MIDUS-II). Participants were recruited nationally as a part of the MIDUS-II
study of health and wellbeing, a longitudinal follow-up study to MIDUS, sponsored by the
National Institute on Aging. The final samples used for the present study consisted of 364 adults,
aged 34 to 83 years of age (M = 54.40, SD = 11.72), for the actigraphy sample and 388 adults,
aged 34 to 83 years of age (M = 53.96, SD = 11.68) for the daily sleep diary sample, both of
which were obtained only at the University of Wisconsin-Madison site. Additionally, 1172
adults, aged 34 to 84 years of age (M = 54.52, SD = 11.71) participated in Project 1 and
responded to the Pittsburgh Sleep Quality Index. Demographic data is available in Table 1.
Procedure. In MIDUS-II, participants completed a phone interview and two self-administered
questionnaires (SAQs), measuring several psychological constructs (e.g., positive affect,
negative affect, personality), demographic variables, and mental and physical health.
Additionally, subsets of participants completed one or more of four separate projects (e.g., daily
diary study, cognitive functioning, biomarkers, and neuroscience projects). The current study
used data from participants who were involved in Project 1 (the aforementioned phone and selfadministered questionnaire) and Project 4. Actigraphy and daily sleep diary data were collected
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in Project 4 at the University of Wisconsin-Madison site only, which constitutes a subset of
participants.
Measures
Affect.
Positive affect. Positive affect was measured using the positive affect scale in MIDUS-II
(α = .92), which is comprised of 10 items, four from the Positive and Negative Affect Scale
(PANAS; Watson, Clark, & Tellegen, 1988) and six items that were created for MIDUS-II. The
affect items specific to MIDUS-II were selected from established affective assessment scales
(Bradburn, 1969; Fazio, 1977; Kessler et al., 1994; MacMillan, 1957; Radloff, 1977; Taylor,
1953), all of which are valid measurement instruments (Mroczek & Kolarz, 1998). Participants
rate the MIDUS-II affect items on a scale of one to five (i.e., 1 = all of the time, 2 = most of the
time, 3 = some of the time, 4 = a little of the time, and 5 = none of the time) regarding how much
of the time they felt “cheerful, in good spirits, extremely happy, calm and peaceful, satisfied, and
full of life” over the past 30 days. The PANAS items (i.e., enthusiastic, attentive, proud, and
active) are also rated on the same scale for the past 30 days. Higher scores are indicative of
higher positive affect.
Negative affect. Negative affect was measured using the negative affect scale in MIDUSII, which is comprised of 11 items, five items from the PANAS (Watson et al., 1988) and six
items that were created for MIDUS-II. The affect items specific to MIDUS-II were selected from
established affective assessment scales (Bradburn, 1969; Fazio, 1977; Kessler et al., 1994;
MacMillan, 1957; Radloff, 1977; Taylor, 1953), all of which are valid measurement instruments
(Mroczek & Kolarz, 1998). Participants responded to the MIDUS-II negative affect items using
the same response anchors as in the positive affect scale to prompts such as feeling “so sad

14
nothing could cheer you up, nervous, restless or fidgety, hopeless, that everything was an effort,
and worthless” over the past 30 days. The PANAS portion of the negative affect scale is rated
over the past 30 days on the same scale to determine how often participants felt: “afraid, jittery,
irritable, ashamed, and upset.” Higher scores are indicative of higher negative affect.
For the present study, 10 negative affect items were needed to compare to the 10 positive
affect items, as the number of negative affect and positive affect items must be equal to calculate
the positivity ratio. Given that MIDUS-II provides 11 items for the negative affect scale, one
item needed to be removed. To retain the PANAS items in both scales, one item was removed
from the 6-item negative affect scale that is unique to MIDUS-II. Comparison of all the negative
affect items (from both the PANAS and the items unique to MIDUS-II), revealed two items that
are very similar: “restless or fidgety” and “jittery”. As such, the PANAS item, “jittery”, was
retained and “restless or fidgety” was removed. Following the removal of this item, internal
consistency was calculated for the remaining 10-items and showed that the 10-item negative
affect scale has high internal reliability (α = .91).
Positivity ratio. Affect in the present study was measured by accounting for the dual
contributions of both positive affect and negative affect by creating a positivity ratio for each
individual (Fredrickson & Losada, 2005; Diehl et al., 2011). First, each participant’s positive
affect and negative affect scores were summed across all 10 positive affect and 10 negative
affect items. Given that individuals have been shown to process positive affect and negative
affect differently, different thresholds for positive affect and negative affect were required
(Cacioppo & Berntson, 1999; Cacioppo & Gardner, 1999; Ito & Cacioppo, 2005). Specifically,
the negativity bias states that when presented with negative stimuli, individuals will have
stronger reactions than if they were presented with positive stimuli of the same magnitude
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(Cacioppo & Berntson, 1999; Cacioppo & Gardner, 1999; Ito & Cacioppo, 2005). However, the
positivity offset theory indicates that even when an individual is receiving little or no input from
stimuli, regardless of if the stimuli is positive or negative, the individual will still report
experiencing at least some positive affect (Cacioppo, Gardner, & Berntson, 1999).
When calculating positivity ratios for each individual, participant positive affect ratings
that are ≥3 were included to account for the positivity offset. Participant negative affect ratings
that are ≥2 were included to offset the negativity bias. These thresholds are in line with previous
standards established by Diehl and colleagues (2011). Consequently, the positivity ratio was
created from 10 positive affect and 10 negative affect items, with each positive affect item ≥3
and each negative affect item ≥2 contributing one point to the overall positivity ratio score.
The final positivity ratio for each participant was calculated by dividing the sum of their
positive affect score by the sum of their negative affect score (Diehl et al., 2011; Fredrickson &
Losada, 2005). Higher ratios indicate the presence of more trait positive affect in comparison to
negative affect. For the sample participant (Table 2), the amount of all positive affect scores ≥3
is 7, and the amount of all negative affect scores ≥2 in 6. To calculate the individual’s positivity
ratio, we divided the number of positive affect items included by the number of negative affect
items included in the final score: 7/6 = 1.17.
Table 2
Valence and arousal positivity ratios. Based on the Circumplex Model of Affect
(Russell, 1980), affective experiences can be divided into four quadrants: (1) high arousal and
high valence; (2) high arousal and low valence; (3) low arousal and high valence; and (4) low
arousal and low valence (Figure 1). For the purpose of my thesis, in addition to creating an
overall affect positivity ratio, I sought to create two positivity ratios based on the arousal
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dimension: (1) the high arousal positivity ratio and (2) the low arousal positivity ratio. Both high
and low arousal positivity ratios would be calculated in the same fashion as the overall positivity
ratio. Since I would be comparing high arousal positive affect to high arousal negative affect, I
would split the items into two groups based upon which quadrants they occupy in the
Circumplex Model of Affect (i.e., high arousal affect: top left and right quadrants; low arousal
affect: bottom left and right quadrants). Given that several of the MIDUS-II positive affect and
negative affect items are not directly represented on the original Circumplex Model of Affect
(Russell, 1980), I conducted an exploratory factor analysis (EFA) for all items (Table 12), to
determine which factors (high arousal, low arousal, or perhaps neither) the items would map
onto.
Sleep. In order to capture the multifaceted nature of sleep disturbance, I used data
acquired from both subjective and objective measures of sleep. Specifically, global perceptions
of sleep quality were assessed using the PSQI, daily perceptions of specific sleep parameters
were assessed using a daily sleep diary, and objective assessments of sleep were provided by
actigraphy. Table 3 summarizes the sleep variables used in the analyses for this study.
Pittsburgh Sleep Quality Index (PSQI). The PSQI (Buysse, Reynolds, Monk, Berman,
& Kupfer, 1989) measures sleep quality subjectively by asking participants to answer questions
based on their sleep habits over the past month. Participants are asked to reply based on their
sleep experience for the majority of days and nights. Overall, the PSQI contains 19 self-rated
items, which measure seven sleep components. The measure also contains 5 items that are rated
by the participant’s bed partner/roommate. The seven sleep components include: (1) subjective
sleep quality, (2) sleep latency, (3) sleep duration, (4) habitual sleep efficiency, (5) sleep
disturbance, (6) use of sleeping medications, and (7) daytime dysfunction. The seven sleep
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component scores have been shown to be internally consistent (α = 0.83; Buysse et al., 1988).
The PSQI also provides a global sleep score (GSS), which sums the data from the seven
components and provides an overall rating of an individual’s sleep. The global sleep score is
reverse scored, so that higher scores are indicative of poorer sleep. A global sleep score greater
than 5 has been shown to differentiate poor sleepers from good sleepers (α = 0.75, p < .001;
Buysse et al., 1988). The PSQI overall, and the global sleep score independently, have both been
shown valid. Specifically, the PSQI has the ability to differentiate between groups that vary in
sleep disturbance (e.g., patients with sleep disorders, patients with depression, and controls;
Buysse et al., 1988), and the global sleep score is considered the most valid of the PSQI variables
(Buysse et al., 1988). The global sleep score was used for the present study, as it provides an
overall ‘global’ assessment of sleep that complements the information about specific sleep
outcomes provided by sleep diaries and actigraphy.
Daily sleep diary. The daily sleep diary is a self-report measure, consisting of questions
that participants answer for seven days. Sleep diaries provide a repeated assessment of sleep
behavior, which can incorporate variability across weekdays and weekends (Carney et al., 2012).
The questions are completed within 10 minutes of awakening, and assess: (1) whether the
individual used sleep medications or supplements to help with sleep; (2) time they went to bed,
(3) amount of time it took the individual to fall asleep; (4) how difficult it was for the individual
to fall asleep; (5) number of nighttime awakenings; (6) what time the individual woke up for the
day and did not go back to sleep; (7) what time the individual got out of bed for the day; and (8)
a rating of the individual’s overall sleep quality. Using the daily sleep diary that is a part of
MIDUS-II, we included the following variables in final analyses: sleep onset latency (SOL) and
self report of sleep quality (SRSQ).
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Actigraphy. Actigraphic data was collected using the ACTIWATCH®-64, a wrist-worn
activity logger that has a built-in motion sensor, a piezoelectric accelerometer (MontgomeryDowns, Insana, & Bond, 2012). Actigraphy detects and records motion and uses an established
algorithm to analyze individual activity patterns to determine wake and sleep periods. The
activity loggers were set to detect the number of movements in 30-second intervals (epochs) and
programmed to start data collection at 7:00 am the day after the participant was given the logger.
The participants wore the ACTIWATCH®-64 from the day data collection began until one week
later. Daily sleep diaries were used in conjunction with actigraphy data to set the intervals during
which the participant reported going to sleep and waking up.
Actigraphy is commonly used in research and clinical settings as an objective assessment
of sleep that participants can wear within the home, across multiple nights. Actigraphy is shown
to be reliable and valid in distinguishing between sleep and wakeful states (Sadeh, Alster,
Urbach, & Lavie, 1989; Sadeh, Hauri, Kripke, & Lavie, 1995). Actigraphy has also been shown
valid for measuring sleep and wakefulness states in comparison with Polysomnographic
recordings (Sadeh et al.,1995). However, it is recommended that actigraphy be paired with daily
sleep diaries, as patients with disrupted sleep (e.g., individuals with insomnia) may spend time
lying awake in bed, which is misidentified as sleep (Ancoli-Israel et al., 2015). The following
actigraphic variables were used in final analyses: wake after sleep onset (WASO), sleep onset
latency (SOL), total sleep time (TST), and sleep efficiency (SE).
Designs & Analyses
SPSS version 23 was used to perform all analyses. All assumptions for regression
analyses were checked prior to beginning the analyses. Power calculations using G*Power (Faul,
Erdfelder, Buchner, & Albert-Georg, 2009) suggested that for a hierarchical multiple regression
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analysis with 4 predictors, a sample size of at least 395 participants is needed to predict an R2 of
at least 0.02 at an alpha level of 0.05, with a power of 0.80. As a result, my study was adequately
powered.
Several covariates were entered into the analyses given their known associations with
sleep. Specifically, I controlled for age (Ohayon et al., 2004), gender (Reyner & Horne, 1995),
and self-evaluated physical health (McCrae et al., 2008). Also, given the multiple sleep variables
for both the sleep diary and actigraphy measures, and the lack of a precedent linking the
positivity ratio to specific sleep variables, I first ran preliminary correlations with the positivity
ratio predicting all sleep outcome variables. Significant sleep variables were used as outcomes in
the regression analyses.
For the aim one analyses, hierarchical linear regressions were performed with the
covariates entered in the first step and the positivity ratio entered in the second step. Subjective
and objective sleep outcomes were entered as the dependent variable for each regression using
the variables identified by preliminary correlations. To determine the presence of valence and
arousal dimensions in the positive affect and negative affect variables, an Exploratory Factor
Analysis was conducted to see which factors, if any, the variables would load onto.
For the aim two analyses, hierarchical linear regressions were performed again,
controlling for gender and health in step one and adding age as a continuous variable in step two,
predicting the positivity ratio.
For aim three, Hayes’ SPSS PROCESS macro was used to test for age as a moderator in
the positivity ratio and sleep outcomes relationships. PROCESS automatically generates the
proportion of variance in the sleep outcome variable (Y) that can be uniquely attributed to the
moderation of the positivity ratio’s effect (X) by age (M). PROCESS also provides a regression
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coefficient (b3) that quantifies the extent to which the effect of X on Y is altered by changes in M
by one unit (Hayes, 2013). If b3 is statistically different from zero, the null hypothesis will be
rejected and it can be inferred that age does in fact partially moderate the association between the
positivity ratio and sleep outcomes.
Results
Meeting Regression-Based Assumptions
The assumption of linearity was met. Outliers were removed so that data met the
assumptions of univariate and multivariate normality. Square root transformations were applied
to the positivity ratio and the actigraphic sleep onset latency and wake after sleep onset variables.
Log transformations were applied to the sleep diary wake after sleep onset and sleep onset
latency variables. Transformed data was used in all analyses except for the ANOVA analysis of
the positivity ratio. Additionally, normally distributed errors were checked and met.
Preliminary Correlations
Preliminary correlations (Table 4) revealed the positivity ratio to be positively correlated
with sleep efficiency (actigraphy), r (396) = .23, p < .001 and total sleep time (actigraphy), r
(396) = .16, p < .01. The positivity ratio was also negatively correlated with the following
variables: sleep onset latency (daily sleep diary), r (400) = -.12, p < .05, self reported sleep
quality (daily sleep diary), r (423) = -.25, p < .001, the global sleep score, r (1170) = -.30, p <
.001, sleep onset latency (actigraphy), r (396) = -.20, p < .001, and wake after sleep onset, r
(396) = -.12, p < .05. The positivity ratio was not significantly correlated with the actigraphy
variable wake after sleep onset, r (395) = .07, p = .180. As a result, the following variables were
included in final analyses of all aims: sleep onset latency (daily sleep diary), self reported sleep
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quality (daily sleep diary), sleep efficiency (actigraphy), sleep onset latency (actigraphy), wake
after sleep onset (actigraphy), total sleep time (actigraphy), and the global sleep score (Table 3).
Affect Predicting Subjective and Objective Sleep Outcomes
To investigate how the positivity ratio predicts sleep, when controlling for age, gender,
and self-evaluated physical health, a series of hierarchical linear regressions were computed.
Global sleep score. Covariates significantly predicted the global sleep score, F(3, 995) =
40.93, p < .001, R2 = .110 (Table 5). When the positivity ratio was added to the model, it
significantly improved the prediction, ∆R2 = .039, p < .001, and the model significantly predicted
the global sleep score, F(4, 994) = 43.54, p < .001, R2 = .149. Overall, greater positivity ratio
scores predicted lower global sleep scores (i.e., better sleep), β = -.937, t (997) = -6.77, p < .001.
Self-reported sleep quality as measured by daily sleep diary. Self-reported sleep
quality was significantly predicted by covariates (Table 7), F(3, 298) = 9.95, p < .001, R2 = .091.
The prediction was significantly improved by the addition of the positivity ratio to the model,
∆R2 = .033, p = .001, and the model significantly predicted self-reported sleep quality, F(4, 297)
= 10.54, p < .001, R2 = .124. Overall, self-reported sleep quality was significantly predicted by
the positivity ratio, so that positivity ratio scores predicted lower self-reported sleep quality
scores (i.e., which is indicative of better sleep quality given the reverse scoring of the scale), β =
-.187, t (300) = -3.36, p = .001.
Sleep onset latency as measured by daily sleep diary. Covariates significantly
predicted participant sleep onset latency (Table 6), F(3, 284) = 4.37, p = .005, R2 = .044. When
the positivity ratio was added to the model, it did not significantly improve the overall model,
∆R2 = .001, p = .664, and did not significantly predict participant sleep onset latency, β = -.013, t
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(286) = -.434, p = .664. However, the overall model still significantly predicted sleep onset
latency, F(4, 283) = 3.32, p = .011, R2 = .045.
Sleep efficiency as measured by actigraphy. Sleep efficiency was significantly
predicted by covariates (Table 8), F(3, 292) = 16.94, p < .001, R2 = .148. The addition of the
positivity ratio to the model did not significantly improve the prediction, ∆R2 = .000, p = .685.
Overall, the final model predicted sleep efficiency as measured by actigraphy, F(4, 291) = 12.71,
p < .001, R2 = .149, but the positivity ratio did not significantly predict sleep efficiency, β =
.270, t (294) = .406, p = .685.
Sleep onset latency as measured by actigraphy. Covariates significantly predicted
sleep onset latency (Table 9), F(3, 292) = 10.98, p < .001, R2 = .101. However, adding the
positivity ratio to the model did not significantly improve the prediction, ∆R2 = .004, p = .255.
The final model significantly predicted sleep onset latency as measured by actigraphy, F(4, 291)
= 8.57, p < .001, R2 = .105. However, sleep onset latency was not significantly predicted by the
positivity ratio, β = -.180, t (294) = -1.140, p = .255.
Total sleep time as measured by actigraphy. Total sleep time was significantly
predicted by covariates (Table 10), F(3, 292) = 9.57, p < .001, R2 = .090. The addition of the
positivity ratio did not significantly improve the model, ∆R2 = .002, p = .478. However, the final
model still significantly predicted total sleep time as measured by actigraphy, F(4, 291) = 7.29, p
< .001, R2 = .091. Additionally, the positivity ratio did not significantly predict total sleep time, β
= 3.47, t (294) = .711, p = .478.
Wake after sleep onset as measured by actigraphy. Covariates significantly predicted
wake after sleep onset (Table 11), F(3, 292) = 6.80, p < .001, R2 = .065. When the positivity ratio
was added to the model, the prediction was not significantly improved, ∆R2 = .002, p = .429. The
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final model revealed a significant prediction of wake after sleep onset as measured by
actigraphy, F(4, 291) = 5.250, p < .001, R2 = .067. Also, the positivity ratio was not a significant
predictor of wake after sleep onset, β = .091, t (294) = .793, p = .429.
High and Low Arousal Positivity Ratios Predicting Sleep
Before examining how the two dimensions of the positivity ratio based on valence and
arousal are associated with subjective and objective sleep outcomes, an exploratory factor
analysis was performed to determine which variables of the MIDUS-II PANAS corresponded to
the high and low arousal positivity ratios.
Exploratory Factor Analysis. Data were subjected to factor analysis using Principal
Axis Factoring and orthogonal Varimax rotation. The Kaiser-Meyer-Olkin measure (KMO) was
.94, showing that the data could be subjected to an EFA. Bartlett’s test of sphericity confirmed
that patterned relationships exist within the items, x2 (190) = 17551.92, p < .001. With an
eigenvalue cut-off of 1.0, the data revealed two factors, which was confirmed by the scree plot.
These two factors explained a cumulative variance of 60.86%. Table 12 contains the factor
loadings present after rotation with .4 as the significant factor criterion. Given that the factor
loadings revealed only two factors (positive affect and negative affect) instead of four (positive
affect high and low arousal and negative affect high and low arousal), we can conclude that the
MIDUS-II PANAS factors cannot be broken down into high arousal and low arousal positivity
ratios. Thus, Aims 1.2, 2.2, and 3.2 could not be examined.
Age Predicting the Positivity Ratio
To investigate the association between age and the positivity ratio, when controlling for
gender and self-evaluated physical health, a hierarchical linear regression was conducted (Table
13). Covariates significantly predicted positivity ratio scores, F(2, 1051) = 47.18, p < .001, R2 =
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.082. When age was added to the model, it significantly improved the prediction, ∆R2 = .066, p <
.001, and the model significantly predicted positivity ratio scores, F(3, 1050) = 60.87, p < .001,
R2 = .148. Overall, increasing age predicted higher positivity ratios, β = .017, t (1052) = 9.00, p <
.001.
Additional follow-up analyses were run to further explore the relationship between the
positivity ratio and age (Table 16). A one-way analysis of variance (ANOVA) was calculated on
participants’ positivity ratio scores to determine differences by age group. The analysis was
significant, F(2, 1252) = 36.65, p < .001, indicating a significant variation among positivity ratio
scores for participants age 39 and below (younger adults), age 40 to 64 (middle-aged adults), and
age 65 and above (older adults). Comparisons indicate the younger adult and middle-aged adult
positivity ratio scores were significantly different (Table 16), β = -.848, p = .013. Additionally,
both younger and middle-aged adult positivity ratio scores significantly differed from older adult
scores, β = 2.475, p < .001 and β = 1.628, p < .001, respectively. Overall, positivity ratios
significantly increased with age.
Age Differences in the Positivity Ratio and Sleep Associations
Age was investigated as a moderator of the significant positivity ratio and sleep outcome
associations, to determine if these associations are conditional upon age. Self-evaluated physical
health and gender were included as covariates in all moderation analyses. In the positivity ratio
and self-reported sleep quality association (Table 15), age was not a significant moderator, β = .003, t(300) = -.625, p = .532, indicating that the relationship between the positivity ratio and
self-reported sleep quality does not vary by age. Additionally, age was not a significant
moderator for the positivity ratio and global sleep score association (Table 14), β = .014, t(997) =
1.272, p = .204, indicating that this relationship does not change based upon age.
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Discussion
Positivity Ratio and Sleep Relationship
Overall, the positivity ratio was associated with better sleep outcomes on the PSQI global
sleep score and daily sleep diary self-reported sleep quality measure, both of which are
subjective measures. The positivity ratio was not significantly associated with the remaining
subjective and objective measures. Prior studies have shown discrepancies between objective and
subjective sleep data for younger (sleep onset latency, wake after sleep onset, total sleep time;
Baker, Maloney, & Driver, 1999; Lauderdale, Knutson, Yan, Liu, & Rathouz, 2008), younger
and middle-aged (sleep efficiency; Jackowska, Dockray, Hendrickx, & Steptoe, 2011), and older
adults (total sleep time; Van Den Berg et al., 2008). This study found discrepancies between
subjective and objective sleep reports within a lifespan sample, congruent with prior research
performed with separate age samples. Additionally, only two of three subjective sleep measures
were significantly predicted by the positivity ratio (i.e., the global sleep score and self-reported
sleep quality were both significant, while sleep onset latency measured by daily sleep diaries was
not). A possible explanation for the difference in subjective sleep findings is that the global sleep
score and self-reported sleep quality measures are more qualitative, while sleep onset latency is a
more quantitative measure, asking participants to remember a specific number of minutes. The
qualitative measures may have been affected by the individual’s affect or mood. Perhaps there is
a connection between subjectively rated affect and subjectively rated sleep that the objective data
misses. In fact, positive affect and life satisfaction have been shown to predict higher self-rated
health in populations across adulthood (Siahpush, Spittal, & Singh, 2008). It is possible this
effect extends to self-rated sleep measures, as higher levels of positive affect prior to sleep have
been associated with better subjectively reported sleep quality (Gray and Watson, 2002; Stewart,
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Rand, Hawkins, and Stines, 2011). Perhaps if someone feels particularly happy when they fall
asleep, they may wake up and subjectively report feeling more rested due to the increased
positive affect, despite having poor sleep efficiency as measured through objective means. In
contrast, objective measures of sleep, like actigraphy, are less influenced by affect. Though, this
area needs to be researched further.
Overall, while sleep has been shown to predict affect (Baglioni et al., 2010; Bower et al.,
2010; Totterdell et al., 1994), the present study examined the role of affect in predicting sleep.
Specifically, a higher ratio of positive to negative affect, or a higher positivity ratio, predicted
better overall global sleep efficiency and self-rated sleep efficiency. This finding is a unique
addition to the literature as it assesses positive and negative affect together instead of
individually. While we know sleep to be predicted by positive affect and negative affect assessed
separately, the interaction between positive and negative affect in the prediction of sleep has not
been examined. Previous literature links higher positivity ratios to better subjective wellbeing
(Diehl, Hay, & Berg, 2011) and better mental health (Diehl et al., 2011; Fredrickson, 2013;
Meeks et al., 2012), and this study extends the positive aspects of the positivity ratio to
subjectively rated sleep quality.
Perhaps higher positivity ratios predict better sleep given that (a) positive affect is already
linked to better sleep quality independently (Fredman et al., 2013; Ong et al., 2013; Song et al.,
2015) and (b) lower levels of negative affect are beneficial in comparison to higher levels, which
have been associated with poor sleep quality and disturbance (Stewart et al., 2011; Thomsen et
al., 2003). Our sample’s mean negative affect (M = 3.95, SD = 2.86) indicates that overall, some
negative affect was present in the positivity ratio. The mean positive affect was much higher (M
= 8.18, SD = 3.79), indicating higher levels of positive affect in comparison to negative affect
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within our sample. Overall, the mean positivity ratio was well above one (M = 3.25, SD = 3.19)
indicating overall higher positive affect in ratio to negative affect across the sample. Notably,
even with some negative affect present in the ratio, the positivity ratio still predicts better sleep
outcomes. Perhaps positive affect is serving as a protective mechanism against the negative
affect, which is similar to positive affect serving as a protective factor against stress and other
psychosocial factors to predict better sleep (Ong et al., 2015). However, positive affect’s role as
a protective mechanism may be limited given that as negative affect continued to increase in
relation to positive affect, the positivity ratio became smaller and predicted worse sleep. It is
important that researchers explore the combination of positive and negative affect in predicting
sleep outcomes because positive affect and negative affect do not work in isolation. The present
results suggest that an individual with high positive affect and high negative affect will have
poorer sleep than a counterpart with high positive affect and lower negative affect. If positive
affect were studied in isolation, research would suggest that both individuals would have good
sleep. However, by using the positivity ratio, we are privy to the full picture, which shows a
differential association with sleep.
Age, Positivity Ratio, and Sleep
Previous research shows emotional wellbeing to improve with age, as outlined by the
Socioemotional Selectivity Theory (Carstensen et al., 2011). Older adults report less negative
affect and slight increases in positive affect in comparison to their younger counterparts
(Carstensen et al., 2000). The current findings support these age differences, as the positivity
ratio was found to increase with age. Follow-up analyses revealed that the mean positivity ratio
for older adults (M = 4.62, SD = 3.78) was significantly higher than middle-aged (M = 2.99, SD
= 3.00) and younger adult (M = 2.14, SD = 2.11) positivity ratio scores. The higher the positivity
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ratio, the greater the amount of positive affect to negative affect, showing that older adults within
our sample indeed reported higher levels of positive affect in ratio to their negative affect levels
when compared to younger participants, which corroborates prior research (Carstensen,
Pasupathi, Mayr, & Nesselroade, 2000; Gross et al., 1997).
Moderation of Positivity Ratio and Sleep Outcome Associations by Age
Additionally, this study sought to explore a possible moderation of the association
between the positivity ratio and significant sleep outcomes by age. A possible explanation for the
lack of age differences in this association is that there truly is not a moderation among the
positivity ratio and global sleep score (the only significant regression association), signifying that
the relationship between the positivity ratio and global sleep did not vary by age. Although affect
levels differ between age groups, it seems whether affect is low or high, it is equally predictive
of worse or better sleep for the different age groups. Affect is predictive of self-rated health
across the lifespan (Siahpush, Spittal, & Singh, 2008) and we see the same predictive effect here
with sleep. This result informs potential clinical implications, as the positivity ratio appears to be
an equally good predictor of better global sleep across all age groups.
Limitations
Several limitations of the study arise from using the already established MIDUS-II
dataset. For example, the dataset is racially homogeneous, which limits the generalizability of
results, especially given the increasing heterogeneity of the American population. Another
limitation is the time lapse in data collection between Project 1 and Project 4. Overall, the mean
elapsed time between the completion of affect measures in Project 1 and sleep measures in
Project 4 for the sample was 25.60 months (SD = 15.14). However, given that MIDUS-II affect
measures are measuring trait, rather than state affect, a time lapse of this size is less detrimental
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than if we were measuring state affect. Additionally, a time delay between measures can have
benefits, as common method biases are reduced (Podsakoff, MacKenzie, Lee, & Podsakoff,
2003). Specifically, the potential common method bias produced by measuring predictor and
criterion variables at the same time point is reduced, which could create artifactual covariance
unrelated to construct content (Podsakoff et al., 2003).
Also, the sample within our study presented with global sleep scores above five (M =
6.23, SD = 3.68), which is indicative of poorer sleep, which may not completely represent the
general population, as only 7.5% to 30% of the general population has been classified as having
insomnia (Singareddy et al., 2012). However, given that sleep complaints have been on the rise
in recent decades (Pandey & Phillips, 2015), and our participants are a community sample, the
impaired sleep score over five may in fact be representative of the new general population global
sleep score. More research is needed to examine this trend.
A final limitation of this study is the inability to screen the sample for sleep disorders
(e.g., sleep apnea), or control for their use of medications (e.g., hypnotic medication and sleep
aids). It should be noted that the PSQI global sleep score asks how often an individual has taken
medication in the past month to help them sleep. However, the type of medication used, which
could influence sleep outcomes, was not provided.
Implications and Future Directions
Overall, this study expands understanding of the associations between affect and sleep
across the lifespan, through the lens of the novel gauge of positive affect and negative affect
relative to one another - the positivity ratio. Instead of separating the two, the combination of
positive and negative affect shows that they work in unison to predict sleep outcomes, which is a
new approach in the field of affect and sleep research. Additionally, this study examines the
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positivity ratio’s association with sleep outcomes in the presence of age effects, at an imperative
time for aging in America.
There are both theoretical and clinical implications of this study. Theoretically, this study
supports the findings that the positivity ratio improves with age and shows a link between the
positivity ratio and positive subjective sleep outcomes throughout the lifespan. Clinically, this
research can be applied in work with clients suffering from poor sleep. Importantly, emphasizing
the focus of emotional regulation and cognitive components, as in CBTi, for sleep interventions
instead of just focusing on behavioral modification may be helpful. More research is needed to
examine the unique contribution of increasing the affective positivity ratio as a component of
sleep treatment approaches.
Future research may consider exploring emotional arousal in the form of high arousal and
low arousal positivity ratio variables and their relation to sleep outcomes. A new measure may
need to be created to further assess the dimensions of valence and arousal in both positive and
negative affect in order to be able to conduct this research. An additional examination of
emotional arousal in relation to sleep across the lifespan is warranted given arousal is
hypothesized to predict worse sleep for older adults in comparison to younger ages (Benloucif et
al., 2004). An overall expansion on this topic will help to inform both theory and clinical work
in a time when the population is aging and worsening sleep is being reported (Colby & Ortman,
2014; Pandey & Phillips, 2015).
Conclusion
Findings from the current study link higher positivity ratios to better subjectively rated
sleep in the form of the global sleep score and daily sleep diary self-rated sleep quality, which
corroborates previous literature associating higher trait positive affect with better sleep. This
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study expands upon existing literature by focusing on the association between a ratio of positive
and negative affect to sleep outcomes, showing that a higher ratio of positive to negative affect is
predictive of better global sleep and self-rated sleep quality. An attempt was made to separate the
positivity ratio into valence and arousal dimensions and further assess how the two dimensions
relate to subjective and objective sleep. However, exploratory factor analysis revealed only two
factors (positive affect and negative affect) were present among the variables, which prevented
the creation and examination of high and low arousal positivity ratios in relation to sleep
outcomes.
Additionally, previous research links an increase in positive affect and wellbeing to
increased age. Results from this study also show a positive trend in affect with increased age, in
the form of an increase in positivity ratio scores with age. Specifically, as age increases, the
amount of positive to negative affect present in an individual increases as well. Follow-up
revealed the positivity ratio of older adults to be significantly higher than both middle-aged and
young adults, which is consistent with prior research on affect and aging. This study also
explored a possible moderation of the association between the positivity ratio and sleep
outcomes by age. Results revealed no moderation of the positivity ratio and sleep associations,
signifying that the association between the positivity ratio and sleep does not vary by age. This
result informs potential clinical implications, as the positivity ratio appears to be an equally good
predictor of better sleep across all adult age groups.
Follow-up analyses helped to further expand upon the information given by our sample.
Results revealed the positivity ratio of older adults was significantly higher than both middleaged and young adults, which is consistent with prior research on affect and aging.
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Overall, this study shows the importance of also considering affect in behavioral sleep
interventions, as affect is a predictor of sleep outcomes. Specifically, more research is necessary
to examine both positive and negative affect in interventions, as both positive and negative affect
were simultaneously predictive of sleep outcomes within this study.
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Table 1
Participant Demographics
Actigraphy
Sample

GSS
Sample
Statistic
1172
54.52 (11.71)
34 - 84
56.8%

Daily Sleep
Diary Sample

Variable
N
364
388
M (SD) age (years)
54.40 (11.72)
53.96 (11.68)
Age range
34 – 83
34 - 83
Gender, % female
59.8%
60.4%
Race, %
White
94.9%
92.8%
95.0%
African American
1.4%
2.6%
1.3%
Native American or Alaska Native
1.4%
1.3%
1.3%
Asian
0.7%
0.3%
0.7%
Other
1.7%
2.8%
1.7%
Marital Status, %
Currently Married
65.8%
62.7%
63.8%
Separated
3.3%
2.8%
3.1%
Divorced
13.3%
16.6%
13.4%
Widowed
8.3%
7.2%
8.7%
Never Married
6.7%
6.1%
7.9%
Living with someone
2.5%
4.7%
3.1%
Self Rated Health
Excellent
18.9%
19.8%
18.9%
Very Good
43.9%
41.8%
44.7%
Good
28.4%
28.8%
27.8%
Fair
7.4%
7.8%
7.3%
Poor
1.4%
1.7%
1.3%
M (SD) Positivity Ratio
3.04 (3.04)
3.26 (3.19)
2.95 (2.98)
M (SD) Global Sleep Score
6.24 (3.65)
6.23 (3.69)
6.31 (3.72)
Actigraphy
M (SD) Sleep Efficiency
79.85 (10.30)
--M (SD) SOL (min)
30.25 (31.27)
--M (SD) WASO (min)
47.99 (23.23)
--M (SD) TST (min)
371.77 (65.07)
--Daily Sleep Diary
M (SD) Self Rated Sleep Qualitya
--2.40 (0.76)
M (SD) SOL (min)
--34.41 (174.12)
M (SD) WASO (# times)
--2.07 (2.13)
a
Note. denotes reverse-coded scales.
Note. SOL = sleep onset latency, WASO = wake after sleep onset, TST = total sleep time
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Table 2
Sample Participant Positive Affect and Negative Affect Scores
Positive Affect Included/Not Included in Negative Affect
Items
Sum
Items
(1 – 10)
(1 – 10)
5
Included
1
4
Included
2
1
Not Included
3
1
Not Included
2
3
Included
5
2
Not Included
1
5
Included
4
5
Included
1
4
Included
1
3
Included
3
Sum = 29
Sum = 19

Included/Not Included in
Sum
Not Included
Included
Included
Included
Included
Not Included
Included
Not Included
Not Included
Included

Table 3
Summary Table of Sleep Variables for Analyses
Actigraphy
Daily Sleep Diary
(Objective)
(Subjective)
1. Wake After Sleep
1. Sleep Onset Latency
Onset (WASO)
(SOL)
2. Sleep Onset Latency
2. Self Report of Sleep
(SOL)
Quality (SRSQ)
3. Total Sleep Time
(TST)
4. Sleep Efficiency (SE)

PSQI
(Subjective)
1. Global Sleep Score
(GSS)
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Table 4
Preliminary Correlation Results
Measure
1
2
3
4
5
6
7
8
9
1. Positivity
—
Ratio
2. SOL (D)
-.12*
—
3. WASO (D)
.07
.25*** —
4. Sleep
.23*** -.12*
.02
—
Efficiency (A)
5. SOL (A)
-.20*** .14** -.09
-.77*** —
6. WASO (A)
-.12*
.16** .25*** -.62*** .32*** —
7. SRSQ (D)
-.25*** .39*** .27*** -.13*
.05
.19*** —
8. TST (A)
.16**
.03
.22*** .63*** -.39*** -.09
-.06
—
9. GSS
-.30*** .44*** .18*** -.26*** .19*** .26*** .52*** -.11* —
Note. (A) denotes actigraphy, while (D) denotes daily sleep diary data.
Note. SOL = sleep onset latency, WASO = wake after sleep onset, SRSQ = self-reported sleep
quality, TST = total sleep time, GSS = global sleep score
* p < .05, **p < 01, *** p < .001
Table 5
Regression Analysis: Predicting Global Sleep Score From Covariates and Positivity Ratio
Step 1
R2= .110
Step 2
Δ R2 = .039
Age
Gender***
Physical
Health***

B
-.01
.99
1.11

SE B
.01
.21
.11

*p < .05 **p < .01 ***p < .001

β
-.04
.14
.30

Age
Gender***
Physical
Health***
Positivity
Ratio***

B
.01
.90
.89

SE B
.01
.20
.11

β
.02
.13
.24

-.94

.14

-.21
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Table 6
Regression Analysis: Predicting Daily Sleep Diary Sleep Onset Latency From Covariates and
Positivity Ratio
Step 1
R2= .044
Step 2
Δ R2 = .001
Age*
Gender*
Physical
Health

B
.00
.09
.04

SE B
.00
.04
.02

β
.14
.13
.10

Age*
Gender*
Physical
Health
Positivity
Ratio

B
.00
.09
.03

SE B
.00
.04
.02

β
.15
.13
.09

-.01

.03

-.03

*p < .05 **p < .01 ***p < .001
Table 7
Regression Analysis: Predicting Self-Reported Sleep Quality From Covariates and Positivity
Ratio
Step 1
R2= .091
Step 2
Δ R2 = .033
Age
Gender
Physical
Health***

B
-.01
-.04
.24

SE B
.00
.08
.04

β
-.08
-.03
.30

Age
Gender
Physical
Health***
Positivity
Ratio**

B
-.00
-.04
.18

SE B
.00
.08
.05

β
-.03
-.03
.23

-.19

.06

-.20

*p < .05 **p < .01 ***p < .001
Table 8
Regression Analysis: Predicting Sleep Efficiency (actigraphy) From Covariates and Positivity
Ratio
Step 1
R2= .148
Step 2
Δ R2 = .000
Age
Gender***
Physical
Health***

B
-.03
5.30
-1.92

SE B
.04
.93
.52

*p < .05 **p < .01 ***p < .001

β
-.04
.31
-.20

Age
Gender***
Physical
Health**
Positivity
Ratio

B
-.04
5.29
-1.85

SE B
.04
.93
.55

β
-.05
.31
-.20

.27

.66

.02
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Table 9
Regression Analysis: Predicting Sleep Onset Latency (actigraphy) From Covariates and
Positivity Ratio
Step 1
R2= .101
Step 2
Δ R2 = .004
Age
Gender***
Physical
Health**

B
.01
-.90
.40

SE B
.01
.22
.12

β
.08
-.23
.18

Age
Gender***
Physical
Health**
Positivity
Ratio

B
.02
-.90
.35

SE B
.01
.22
.13

β
.10
-.23
.16

-.18

.16

-.07

*p < .05 **p < .01 ***p < .001
Table 10
Regression Analysis: Predicting Total Sleep Time (actigraphy) From Covariates and Positivity
Ratio
Step 1
R2= .090
Step 2
Δ R2 = .002
Age
Gender***
Physical
Health

B
.20
35.75
-4.25

SE B
.28
6.86
3.79

β
.04
.29
-.06

Age
Gender***
Physical
Health
Positivity
Ratio

B
.14
35.67
-3.24

SE B
.30
6.86
4.05

β
.03
.29
-.05

3.47

4.88

.04

*p < .05 **p < .01 ***p < .001
Table 11
Regression Analysis: Predicting Wake After Sleep Onset (actigraphy) From Covariates and
Positivity Ratio
Step 1
R2= .065
Step 2
Δ R2 = .002
Age
Gender**
Physical
Health**

B
.01
-.51
.23

SE B
.01
.16
.09

*p < .05 **p < .01 ***p < .001

β
.06
-.18
.15

Age
Gender**
Physical
Health**
Positivity
Ratio

B
.01
-.51
.26

SE B
.01
.16
.10

β
.05
-.18
.17

.09

.12

.05
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Table 12
Factor Loadings for the Exploratory Factor Analysis
Factor 1
Factor 2
In good spirits
.916
Cheerful
.902
Attentive
.873
Enthusiastic
.858
Active
.841
Satisfied
.833
Calm and peaceful
.832
Proud
.808
Full of life
.786
Extremely happy
.665
Sad
.697
Hopeless
.678
Everything is an effort
.663
Ashamed
.633
Jittery
.596
Afraid
.593
Irritable
.354
.579
Worthless
.575
Upset
.364
.558
Restless
.546
Table 13
Regression Analysis: Predicting the Positivity Ratio From Covariates and Age
Step 1
R2= .287
Step 2
Δ R2 = .385
Gender**
Physical
Health***

B
-.14
-.23

*p < .05 **p < .01 ***p < .001

SE B
.10
.03

β
-.09
-.28

Gender*
Physical
Health***
Age***

B
-.11
-.24

SE B
.05
.02

β
-.07
-.29

.02

.00

.26
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Table 14
Positivity Ratio Predicting GSS Moderated by Age
Parameter
Constant
Age
Positivity Ratio
Positivity Ratio x
Age
Gender
Physical Health

B
5.273
-.021
-1.740
.014

SE B
1.292
.022
.646
.011

t
4.080
-.956
-2.693
1.272

Sig.
.000
.339
.007
.204

.915
.885

.205
.114

4.475
7.781

.000
.000

95% Confidence Interval
Lower Bound Upper Bound
2.737
7.809
-.064
.022
-3.007
-.472
-.008
.036
.514
.662

1.317
1.108

Table 15
Positivity Ratio Predicting Self-Reported Sleep Quality Moderated by Age
95% Confidence Interval
Parameter
B
SE B
t
Sig.
Lower Bound Upper Bound
Constant
2.129
.513
4.150
.000
1.120
3.139
Age
.004
.009
.398
.691
-.014
.021
Positivity Ratio
-.026
.265
-.096
.923
-.546
.495
Positivity Ratio x
-.003
.005
-.625
.532
-.012
.006
Age
Gender
-.045
.078
-.580
.562
-.199
.109
Physical Health
.182
.046
3.924
.000
.091
.273
Table 16
ANOVA Descriptive Statistics: Positivity Ratio
Variable: Positivity
Mean
Standard Deviation
Ratio
Older Adults
4.62
3.78
Middle-aged Adults
2.99
3.00
Young Adults
2.14
2.11
Total
3.25
3.19
	
  
	
  
	
  
	
  
	
  

N
265
865
125
1255

50

Figure 1. Circumplex Model of Affect. This figure illustrates the four quadrants of affective
experiences.
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